Abstract -The SAR images are perturbed by a multiplicative noise called speckle, due to the coherent nature of the scattering phenomenon. The use of speckle reduction filters is necessary to optimize the images exploitation procedures. This paper presents a new speckle reduction method in the wavelets domain using a novel Bayesian-based algorithm, which tends to reduce the speckle, preserving the structural features (like the discontinuities) and textural information of the scene and a new discrete wavelet transform called Diversity Enhanced Discrete Wavelet Transform, DEDWT. The entire class of diversity improved wavelet transforms is characterized and is proved that the averager optimizes the synthesis step for the minimization of the mean square approximation error. A blind speckle-suppression method that performs a non-linear operation on the data, based on a new bishrink filter variant is obtained. Finally, some simulation examples prove the performance of the proposed denoising method. This performance is compared with the results obtained applying state-of-the-art speckle reduction techniques.
I. INTRODUCTION
Some classical estimators, used to denoise SAR images are, [1] [2] : -the Kuan filter (least mean square error linear estimator), -the Frost filter (Wiener filter adapted to multiplicative noise). Between the modem estimators can be found: -the marginal Maximum a Posteriori,MAP, filter (for the maximization of the a posteriori probability), [3] , -the multiresolution M\AP filter (a combination between a marginal MAP filter and a multiscale transform), [4] . A new estimators category uses the wavelets theory, [3] [4] [5] [6] . The corresponding denoising methods have three steps: 1) the computation of the forward wavelet transform, WT, 2) the filtering of the result obtained, 3) the computation of the inverse wavelet transform of the result obtained, IWT. Some comparisons between the application of the classical speckle reduction filters and the application of the denoising methods based on wavelets, in the case of SAR images, were proved the superiority of this last category of methods, [6] [7] . Numerous WTs can be used to operate these treatments. The first wavelet transform used in denoising applications was the Discrete Wavelet Transform, DWT. This transform is most commonly used in its maximally decimated form (Mallat's dyadic filter Andre QUINQUIS E3I2-EA3 876, ENSIETA, Brest France Anl r ()tlusc)rsieta. fr of iterations). The importance of their selection is highlighted in [1] . The discrete wavelet transform, DWT, realizes a concentration of the energy of the input signal in a small number of coefficients. This concentration enhancement is useful for the reduction of the number of operations in the application considered. For [1] . Numerous filter types can be used in the WT domain: the Wiener filter, [1] , that minimizes the mean square estimation error, the hardthresholding filter, [10] , that realizes a very simple treatment, the soft-thresholding filter, [4, 7, 10] , that minimizes the Min-Max estimation error, the marginal M\AP filter, [3] , or the bishrink filter, [13] . Some variants of those filters were used in [4, 5, 7] . In [3] and [6] two special types of M\AP filters were used. Unfortunately, these filters have not closed-form input-output relations. Their application requires the use of numerical methods. This paper proposes a new denoising method for SAR images based on the combination of the DEDWT with a variant of bishrink filter. This variant has a closed-form input-output relation. The second section presents the architecture of the proposed denosing system and the third section establishes a statistical analysis of the proposed denoising method. The aim of the forth section is the presentation of some simulation results.
II. TUE DENOISING METHOD
The SAR images are perturbed by a multiplicative noise of speckle type, 'r (1,2l) 
The hypothesis of the independence of the random processes io and nr, can be adopted, when the speckle is fully developed, [3, 6] . The architecture of the denoising system proposed is presented in fig. 1 . The WT is applied after the transformation of the multiplicative noise into an additive one. The coefficients of this transform are filtered using the variants of the bishrink filter, proposed in this paper. At the system output, after the computation of the IWT, the logarithm inversion and the mean compensation, the estimation of the useful image, io (J1 ,r2 , is measured.
tree), [8] [9] . The DWT has two parameters: the mother wavelets, MW Wm4n,p (1n,x2) = 11 ,p (TcJ) m,n,p (x2 ), (3.6) and the two factors can be computed using the scale random variable representing the wavelet coefficients can be written like a sum of independent random variables. [3] , and [6] .
1) The pdfofthe wavelet coefficients
The pdf of the wavelet coefficients, xD$, can be expressed with the aid of the pdf of the input image, x, using the relation, [3] : fd(k,ql,rl,.,qm,rm,a)=
2) The correlation ofthe wavelet coefficients The input image, x, represents the sum of the logarithm of the useful image, s, and of the logarithm of the speckle image, n. Because these two random signals are not correlated, the correlation of the wavelet coefficients of the image x, can be written in the following form:
F Dk =FDk +FDk (3.14) x m s m n m Taking into account the fact that the input noise is white, with a variance 2log F the expression of the wavelet coefficients of the input noise image correlation function is, [13] ly= IS+ In, (3.21) and: 2y = 2s + 2n, The MAP estimation of s, realized using the observation y, is given by, [13] :
s (y) = arg max{ln (pn (y -s) Ps (s))}. (3.24) Tacking into account the considerations already made, in the following we will consider that the DEDWT of the noise component is distributed following a Gaussian with a null mean, [3, 5, 6] , the model of the first two iterations of the DEDWT of the useful image will be a Laplace distribution, [13] , and for the other iterations this model will be Gaussian. The noise variance estimation can be done using the relation, [ 14] : and the input-output relations of the two variants of the bishrink filter that will be used in the following becomes: (3.32) for the following iterations.
E. Synthesis by averaging In figure 2 is presented a denoising system based on a diversity enhanced WT. This system corresponds to the sub-system in Figure 1 composed by the second, the third and the fourth blocks. It is composed by N different denoising systems, each one corresponding to a different DWT. The synthesis of the result can be done with the relation: The ENL is defined with the following relation: takes into account the interscale dependency of the wavelet coefficients was derived. Its parameters are locally estimated. Because two different estimations of the local variance of the child wavelet details of the useful component of the input image are at our disposal, they are combined to increase the precision of this estimation. An important theoretical result reported in this paper is the proof of the averager optimality for the synthesis of the result that minimizes the mean square approximation error. An adaptive mean correction method was also proposed. We evaluated the results on both synthetic data and real SAR images, validating the theoretical hypotheses used. Further improvements could be obtained if a better WT and a 3D bishrink filter would be used. The latter avenue is currently under investigation and results will be reported soon.
